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POSSIBLE WORLD-WIDE MIDDLE HIOCENE I R I D I U M  ANOMALY AND I T S  
RELATIONSHIP TO P E R I O D I C I T Y  OF IMPACTS AND EXTINCTIONS, F. Asaro, W. 
Alvarez*,  H.V.  Michel ,  L.W. Alvarez,  M.H. Anders*, A. Montanar i* ,  and J.P. 
Kennett**; Lawrence Berkeley Labora tory ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  Berkeley,  
CA 94720; *Department o f  Geology and Geophysics, U.C. Berkeley,  Berke ley,  
CA 94720; **Department o f  Geologica l  Sciences, U.C. Santa Barbara, Santa 
Barbara, CA 93106. 
I n  a s t u d y  o f  one m i l l i o n  years  o f  Midd le  FJIiocene sediment d e p o s i t i o n  
Weddell Sea near  A n t a r c t i c a ,  a s i n g l e  i r i d i u m  ( I r )  i n  ODP Hole 689B i n  t h  
anomaly o f  ( 4 4 + 1 0 ) ~ 1 0 - ~ ~  gram Ir p e r  gram r o c k  ( p p t )  has been observed i n  
c o r e  6H, s e c t i o n  3, 50-60 cm, a f t e r  background c o n t r i b u t i o n s  a s s o c i a t e d  
w i t h  manganese p r e c i p i t a t e s  and c l a y  a r e  subt rac ted .  
10,000 km away f rom another  s i t e ,  DSDP Hole 588B i n  t h e  Tasman Sea n o r t h  o f  
New Zealand, where a s i n g l e  Ir anomaly o f  144+7 p p t  over  a background o f  11 
p p t  ( c o r e  25, s e c t i o n  1, 20-30 cm) was found Tn an e a r l i e r  s tudy  o f  3 
m i l l  i o n  years  o f  d e p o s i t i o n .  From chemical measurements t h e  l a t t e r  deposi -  
t i o n  was thought  t o  be i m p a c t - r e l a t e d  ( 1  ,2). Ir measurements were made, 
f o l l o w i n g  neut ron  a c t i v a t i o n ,  w i t h  t h e  I r i d i u m  Coincidence Spectrometer 
The age vs depth c a l i b r a t i o n  curves g i v e n  i n  t h e  DSDP and ODP p r e l i m i -  
n a r y  r e p o r t s  ( 3 , 4 )  i n d i c a t e  t h e  ages o f  t h e  Ir anomalies a r e  i d e n t i c a l ,  11.7 
m i l l  i o n  years ,  b u t  t h e  a b s o l u t e  and r e l a t i v e  u n c e r t a i n t i e s  i n  t h e  curves 
a r e  n o t  known. Based on t h e  newest age data t h e  age e s t i m a t e  i s  10 m i l l i o n  
years  ( 5 ) .  
o u r  a b i l i t y  t o  measure) and they  a r e  one q u a r t e r  o f  t h e  way around t h e  
w o r l d  f rom each o t h e r  i t  seems l i k e l y  t h a t  t h e  d e p o s i t i o n  was wor ld-wide.  
The impact o f  a l a r g e  a s t e r o i d  o r  comet c o u l d  produce t h e  wide d i s t r i b u t i o n ,  
and t h i s  da ta  i s  s u p p o r t i v e  o f  t h e  impact r e l a t i o n s h i p  deduced f o r  DSDP 
588B f rom t h e  chemical  evidence. If t h e  s u r f a c e  d e n s i t i e s  of  Ir a t  t h e  two 
s i t e s  a r e  r e p r e s e n t a t i v e  o f  t h e  wor ld-wide average, t h e  d iameter  o f  a C1 
t y p e  a s t e r o i d  c o n t a i n i n g  t h e  necessary Ir would be 3+1 km, which i s  l a y e  
enough t o  cause wor ld-wide darkness ( 6 ) ,  and hence e x t i n c t i o n s  ( 7 ) ,  a1 though 
t h e  l a t t e r  p o i n t  has been d i s p u t e d  ( 8 ) .  T h i s  would be t h e  t h i r d  wor ld-wide 
s t r a t i g r a p h i c  h o r i z o n  o f  i m p a c t - r e l a t e d  Ir enr iched rocks  t h a t  has been 
found w i t h  t h e  ages be ing  65-66.7 (K-T boundary), 37-39.4 ( L a t e  Eocene) and 
10-11.7 (b l idd le  Miocene) m i l l i o n  years .  
o f  27-28 m i l l i o n  years  f o r  t h e  impact o f  l a r g e  e x t r a t e r r e s t r i a l  bodies i n  
agreement w i t h  those r e p o r t e d  f o r  e x t i n c t i o n s  ( 9 )  and c r a t e r  ages ( l o ) ,  
a l though b o t h  o f  t h e  l a t t e r  have been d isputed.  
Another s t r a t i g r a p h i c  h o r i z o n  o f  I r - e n r i c h e d  rocks  has been observed 
i n  rocks  about  91-92 m i l l i o n  years  o l d  f rom Nor th  America (11,12,13), I t a l y  
(14)  and Poland ( 1 5 ) .  Some o f  t h e  rocks  have a mant le  s i g n a t u r e  (13)  b u t  
t h e  p o s s i b i l i t y  o f  an impact on t h e  ocean bottom as t h e  source o f  t h e  
anomaly cannot be r u l e d  o u t .  An i m p a c t - r e l a t e d  h o r i z o n  has been observed 
i n  2.3 m i l l i o n  y e a r  o l d  rocks  d i s t r i b u t e d  o v e r  600 km ( 1 6 ) .  
s i z e  o f  t h e  b o l i d e  was r e p o r t e d  as 0 .5  km which may be b o r d e r l i n e  f o r  
producing wor ld-wide darkness ( 6 ) .  Anomalous Ir abundances have been 
observed a t  t h e  C a l l o v i a n - O x f o r d i a n  boundary i n  Spain and Poland ( 1 7 ) .  The 
o r i g i n  o f  t h e  Ir has n o t  y e t  been we l l -de termined and t h e  c h r o n o l o g i c a l  age 
i s  u n c e r t a i n  by many m i l l i o n s  o f  y e a r s ,  Precambrian i m p a c t - r e l a t e d  Ir 
ODP Hole 689B i s  
( 1  92). 
As t h e  Ir was d e p o s i t e d  a t  t h e  two s i t e s  a t  about t h e  same t i m e  ( w i t h i n  
Th is  spacing suggests a p e r i o d i c i t y  
The minimum 
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d e p o s i t s  have been found i n  rocks  about 3.5 b i l l i o n  yea rs  o l d  i n  South 
A f r i c a  and p o s s i b l y  A u s t r a l i a  (18 ) .  
t o  check t h e  c o r r e l a t i o n  w i t h  t h e  observed p e r i o d i c i t y .  
The age o f  these rocks  i s  t o o  g r e a t  
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